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Acute effects of static stretching on hip flexor and 
quadriceps flexibility, range of motion and foot speed in 

kicking a football 

W Young, P Clothier, L Otago, L Bruce & D Liddell 

School of Human Movement and Sport Sciences, University of Ballart, victoria, Australia. 

The purpose of this research was to determine the effect of static stretching in a warm-up 
on hip flexor and quadriceps flexibility as measured by a modified Thomas test and on range 
of motion (ROM) of the leg and foot speed at impact in kicking a football with maximum 
effort. Sixteen Australian Rules (AR) footballers performed two different warm-ups on 
different days. One warm-up involved five minutes of sub-maximum running followed by 
seven practice kicks, while the other also included 4.5 minutes static stretching of the hip 
flexors and quadriceps after the running. A modified Thomas test was conduced before and 
after each warm-up. Players performed maximum effort drop punt kicks into a net while 
being videotaped to determine the ROM of the kicking leg and foot speed at impact with the 
ball. There were no significant changes in flexibility (p>0.05) as a result of either warm-up 
and there were no significant differences between the warm-ups in the kicking variables 
(p>0.05). It was concluded that the Thomas test may not have been sensitive to possible 
acute changes in flexibility from the warm-ups, and that stretching had no influence on 
kicking ROM or foot speed, possibly because of the complexity of the kicking skill. 

(J Sci Med Sport 2004;7:1:23-31) 

I n t r o d u c t i o n  
Sta t i c  s t r e t c h i n g  is wide ly  u s e d  a s  p a r t  of w a r m - u p s  for s p o r t  a n d  exerc i se  wi th  
t he  ob jec t ives  of i n c r e a s i n g  t h e  r a n g e  of m o t i o n  (ROM) a t  v a r i o u s  j o i n t s  to 
op t imi se  p e r f o r m a n c e  a n d  to r e d u c e  the  r i sk  of i n j u r y  1,2. However  t he  u t i l i ty  of 
s t r e t c h i n g  h a s  b e e n  s c r u t i n i z e d  r e c e n t l y  in  r e l a t i on  to p e r f o r m a n c e  a,4 a n d  
i n ju ry  p r e v e n t i o n  5,6. 

Recen t  r e s e a r c h  i n d i c a t e s  t h a t  s t a t i c  s t r e t c h i n g  c a n  p r o d u c e  s ign i f ican t  
d e c r e m e n t s  in  t he  s t r e n g t h  7,8,9 a n d  p o w e r  p r o d u c t i o n  1°,11,12 of t he  s t r e t c h e d  
m u s c l e  g roups .  T h e s e  f ind ings  have  led  s o m e  r e s e a r c h e r s  to r e c o m m e n d  
a g a i n s t  t h e  p rac t i ce  of  s t r e t c h i n g  p r io r  to s t r e n g t h  a n d  p o w e r  ac t iv i t ies  l°J3.  
A l t h o u g h  th i s  ev idence  for s t r e t c h - i n d u c e d  d e c r e m e n t s  in  p e r f o r m a n c e  is qui te  
convinc ing ,  t h e  ac t iv i t ies  t h a t  have  b e e n  a d v e r s e l y  af fec ted  have  typ ica l ly  b e e n  
ones  s u c h  a s  ve r t i ca l  j u m p i n g  w h e r e  p e r f o r m a n c e  is u n l i k e l y  to be  l imi ted  by  
the  ROM t h a t  c a n  be  ach ieved .  

S ta t i c  s t r e t c h i n g  h a s  b e e n  f o u n d  to be  effective for i n c r e a s i n g  ROM at  va r i ous  
j o i n t s  s u c h  a s  t he  h ip  14,15. If t h e  v a r i a b l e s  t h a t  l imi t  ROM c a n  be  t e m p o r a r i l y  
r emoved ,  p e r f o r m a n c e  in  s o m e  ac t iv i t ies  m a y  be  ach ieved  m o r e  efficiently.  Fo r  
example ,  Godges  et  a114 r e p o r t e d  t h a t  in  s u b j e c t s  wi th  poor  h ip  flexibility, s ix 
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Acute effects of static stretching on hip flexor... 

minutes  o f  static s t re tching improved walking and runn ing  economy, 
presumably  due to improved "neuromuscular  balance". However, research on 
the influence of static stretching during warm-up on dynamic ROM during a 
sports activity is lacking. 

Kicking for distance is an important  skill for various football codes. In AR 
football, the ability to kick long distances with accuracy provides a clear 
advantage to the player. Kicking is a "throwlike" movement  pa t tern  where the 
speed at the most  distal segment, the foot, is important  for kick distance 16. 
According to Luhtanen 17, foot speed in a soccer kick is influenced by a 
sequential  summat ion  of forces from muscles acting around the pelvis, hip, 
knee and ankle joints. Generally the greater the distance over which the 
swinging leg can move, the greater  the potential to achieve a high foot speed at 
the ins tant  of impact  with the ball. Therefore, if stretching during warm-up can 
produce a shor t - term increase in flexibility, it could potentially enhance  the 
ROM achieved in kicking and, in turn,  increase foot speed at impact. 

Unlike vertical jumping, kicking distance may be potentially increased by 
stretching, if this warm-up  activity increases the ROM of the hip and knee 
joints dunng  the kick. However, if s tretching has  a negative influence on the 
power product ion of the stretched muscles,  the overall impact of stretching 
during warm-up on kicking performance is difficult to predict. It has  been 
suggested tha t  s t re tching  may  acute ly  improve flexibility by reducing 
musculo tendinous  stiffness 18,19, bu t  it is this very effect tha t  has  been 
at tr ibuted to the worsening of rate of force developed in explosive muscle 
activitiesl°.2°,2L Therefore, the purpose of the present  s tudy was to determine 
the effect of static stretching during warm-up on hip and knee joint  flexibility, 
ROM at the hip and knee joints and foot speed during kicking for distance. 

Methods 
Subjects 
Sixteen males aged between 18-33 years  volunteered to participate in the 
study. The project was approved by the University Ethics Committee and 
conformed to the Code of Ethics of the Declaration of Helsinki. All subjects 
provided informed consent  in writing. All of the part icipants indicated that  
their right leg was the preferred kicking leg, and were all required to have 
played AR football competitively in the last 12 months  and to be free of any 
injury or disorder tha t  could limit their participation. 

Experimental design 
The subjects  at tended the laboratory on three occasions. The first was for 
familiarisation of all of the procedures  and the others were for data  collection. 
Each player performed six maximum effort kicks following two different warm- 
ups on different days 1-3 days apart  in a random order. Immediately before and 
after each warm-up,  the player was assessed for hip flexor and quadriceps 
flexibility by a modified Thomas test. A control warm-up consisted of sub- 
maximum running  and seven kicks of the football at 50-100% of maximum 
effort. The experimental  warm-up  was the same as the control condition bu t  
included static stretching of the hip flexors and quadriceps between the sub- 
maximum running and kicking. This warm-up was performed because  it 
contains the three components  of a warm-up (sub-maximum general activity, 
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stretching and practice of the specific skill) typically used by athletes prior to 
exercise or competition. 

Procedures 
On arrival at  the laboratory for da ta  collection, the subject  was  prepared  by 
mark ing  var ious  l a n d m a r k s  with a s e m i - p e r m a n e n t  pen and  a t taching 
reflective motion analysis  marke r s  on these points. The marke r s  were placed in 
the following positions: iliac crest; hip (trochanterion); lateral knee ( femur/ t ib ia  
joint  line); ankle (lateral malleolus); heel (calcaneous) and the foot (head of 5th 
metatarsal) .  These mark ings  were used  to generate  a st ick figure to identify 
pelvic, thigh, s h a n k  and foot posit ions and corresponding joint  angles for the 
Thomas  tes t  and football kicking. 

Modified Thomas test 
The subject  lay supine  on a table so tha t  the gluteal fold was  located at  the end 
of the table and  he held both  knees  to the chest.  Then the right leg was lowered 
until  it came to res t  and  the subject  was  ins t ructed to keep the leg as relaxed 
as possible. Thomas  test  joint  angles were calculated from a leg position 
corresponding with a posterior  pelvic tilt ( lumbar spine on table), and was 
defined as a horizontal  a l ignment  of the iliac crest  and  t rochanter ion 
landmarks .  If the a l ignment  was  judged as not being horizontal, the subject  
was  asked to move the contralateral  knee closer to or fur ther  from the chest. 
For example,  bringing the knee closer to the chest  produced flexion of the 
l umba r  spine (Figure 1). This s ta t ionary  body position was videotaped for 
approximately  three seconds. Video images were recorded using a Panasonic  
MS5 S-VHS video camcorder,  set  to operate at  25 Hz. The camera  was  
positioned 11.5 m perpendicular  to the plane of motion of the leg. An exposure  
t ime of 500.s -1 was used  and  the video images were recorded on a Panasonic  
VCR (model AG-7350-E). 

Figure 1: Modified Thomas test. 
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Warm-ups 
Both w a r m - u p s  began  with a five minute  run  at  l0  k m / h r  on a treadmill. 
During the familiarisation session, par t ic ipants  were asked to nomina te  a 
runn ing  pace tha t  was  usua l  for them during a five minute  w a r m - u p  as the 
treadmill  speed was  gradual ly increased. As the speeds  selected were all within 
10 % of 10 k m / h r ,  this speed was used  for all part icipants .  

For the exper imental  warm-up ,  three static s t re tching exercises for the hip 
flexors and  quadr iceps  musc les  were then  per formed consist ing of three 
repeti t ions of" 30 s each side in an  a l ternat ing order for each exercise. In the 
first exercise, the subject  lay in a prone position with the thigh of the s t re tched 
leg rest ing on a wedge to hyperextend the hip. One of the investigators slowly 
moved the ankle  to flex the knee (Figure 2A). The second exercise required the 
subject  to place one foot in front of the body and the knee of the other  leg on 
the floor so tha t  the hip was in hyperextension.  The lower leg was  again moved 
to produce  m a x i m u m  knee  flexion (Figure 2B). In the third s t re tch for the psoas  
muscles ,  the subject  adopted a s tanding split posit ion (with one foot forward 
and  one backward)  and  lowered the  body  to achieve  m a x i m u m  hip 

A 

B 

C 

o 

Figure 2.. Body positions for static stretching 
exercises. 
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hyperextension with the knee extended while mainta ining a neut ra l  pelvic 
position (Figure 2C). In all stretches,  the limb was slowly moved to the end of 
the ROM without  pain, as indicated by the subject  and held in tha t  position by  
one of the investigators for 30 s (Figure 2). Finally for both  warm-ups ,  the 
par t ic ipants  performed seven drop pun t  kicks into a net; one at  50, 60, 70, 80, 
90, 95 and  100 % of their  perceived m a x i m u m  effort. Immediately  after the 
warm-ups ,  the modified Thomas  test  was  again conducted to determine the 
influence of the w a r m - u p  conditions on ROM. 

Kicking 
Following the Thomas  test, the par t ic ipants  performed six m a x i m u m  effort drop 
p u n t  kicks with the right foot in the laboratory into a net approximately  10m 
away. 

Kicking trials were recorded using a Peak video camcorder  (HSC-200PS) set  
to record at 200 Hz. An exposure  t ime of 1000.s -1 was  used  and the video 
images were recorded on a Panasonic  VCR (model AG-5700). This camera  was 
positioned 13.5 m perpendicular  to the plane of motion of the leg during 
kicking. 

Analysis of flexibility and kicking variables 
TWo-dimensional analysis  via a Peak Motus 32 (Version 6.1} motion analysis  
sys tem was performed on all recorded video images. All six l andmarks  for each 
test  trial were digitised using a combinat ion of au tomat ic  and  m a n u a l  methods.  
The iliac crest, t rochanterion,  knee and ankle were digitised from which hip and  
knee flexion angles were calculated from the Thomas  test. If the thigh position 
was lower t han  the horizontal line made  by  the iliac crest  and  trochanterion,  
the hip was considered to be hyperextended,  and  the angle recorded was  given 
a positive value. The knee angle was expressed as the amoun t  of knee flexion. 

Kicking trials were digitised from last  foot contact  with the ground to ball 
contact,  of the kicking leg. Foot speed at  contact  was  measu red  as the speed of 

() 

hyperextension ". flexion 
(positive value) (positive value) Figure 3. Definition of values assigned to 

thigh and lower leg positions of the 
kicking limb. 
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the foot (head of 5th metatarsal)  immediately  prior to ball contact.  Computed  
data were smoothed us ing  a But terworth  filter with a prescr ibed cut-off  of 10 
Hz. It is possible tha t  this procedure  could have over smoothed the t rue  velocity 
value at  impact.  However, we suggest  tha t  the da ta  obtained were acceptable  
for two reasons.  First, the deceleration of the foot result ing from impact  would 
be expected to be relatively small  due to the small  m a s s  of the ball. Second, the 
error would be sys temat ic  ra ther  than  random,  which would not  influence the 
statistical compar ison  of the w a r m - u p  conditions. 

All kicking trials were digitised with the trial containing the grea tes t  foot 
velocity prior to contact  retained for analysis.  Kicking variables were generated 
to describe the ROM of the leg (Figure 3). 

The accuracy  of the digitising process  was enhanced  by using the magnifier 
function of the analysis  system, which increases  the size of the reflected 
markers .  To check for the repeatabil i ty of the digitising for the Thomas  test, a 
trial for one subject  was  repeated  ten times. This yielded a coefficient of 
variation of 2.5 % and 0.9 % for the hip and  knee angles, respectively. 

Stat ist ics 
A repeated m e a s u r e s  MANOVA was used  to determine if there was  a difference 
between the w a r m - u p  conditions in flexibility over time. Paired T- tes t s  were 
conducted to identify if there were any  differences between the w a r m - u p  
conditions in the kicking variables.  Statistical significance was  accepted at  the 
p<0.05 level. 

Results 
The m e a n  changes  in hip and  knee flexibility as a resul t  of each w a r m - u p  are 
shown in Table 1. While there was  a t rend for the s t re tch w a r m - u p  to produce  
greater  gains in flexibility, there were no statistically significant t ime effects 
(pre- to pos t -warm-up)  or interact ion effects (warm-up x time) for the flexibility 
measu re s  (p>0.05). There were no significant differences between the w a r m - u p  
conditions for any  of the kicking variables  (Table 2). 

Before warm.up After warm-up 

Hip Control (deg) 12.0_+7.8 12.6_+7.5 
Stretch (deg) 12,3_+6.6 13.7_+7.8 

Knee Control (deg) 51.7_+7.6 53.4_+10.3 
Stretch (deg) 51.5_+8.3 49,8-+7.7 

Table 1: Mean_+SD flexibility results from the Thomas test. 

Control Stretch 

Max hip extension angle (deg) 
Knee flexion angle at max hip angle (deg) 
Maximum knee flexion angle (deg) 
Hip at max knee flexion angle (deg) 
Foot speed at impact (m/s) 

8,3+4.3 8.0_+5.2 
68,6_+15.9 69.1_+17.6 
108.7_+10.4 107,8_+9.2 

-5.5_+4,9 -5.5_+6.8 
20.6_+0.9 20.7_+0.8 

Table 2: Mean+_SD results for kicking variables. 
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Discussion 
The finding tha t  nei ther  w a r m - u p  was able to elicit a significant increase in hip 
or knee flexibility was somewhat  surprising. S u b - m a x i m u m  running  on its own 
has  been  shown to be ineffective for increasing ROM at  the ankle joint 22 and at  
the knee joint 23. However, static s t retching has  been  reported to produce 
significant shor t - t e rm gains in flexibility in the p lan tar  flexors 11,22 and  
hamst r ings  9,15,23. When static s t retching and  running  are combined in the 
warm-up ,  flexibility has  been  found to increase bu t  not  significantly more than  
s tretching alone 22,23. This previous research  suggests  tha t  s tretching is more 
in fuen t ia l  t han  running  for acutely increasing flexibility at  some joints. 

The influence of the seven practice kicks on ROM is unknown.  The kicks may  
be considered as a form of dynamic stretching which could potentially enhance  
flexibility. However, it is unlikely tha t  they caused  the hip to be extended or the 
knee to be flexed to the end of the ROM. Further,  these kicks would have 
involved significant muscle  contract ions which could possibly have a negative 
influence on ROM 24 in subsequen t  kicks. This may  part ly contr ibute  to the lack 
of increased flexibility from the warm-ups ,  especially the control condition. 

There is limited research  using a form of Thomas  tes t  to describe hip and  
knee flexibility following warm-ups .  However, Godges et a114 reported tha t  six 
minu tes  of static s t retching of the hip flexors produced a significant increase of 
4 ° in hip extension. The discrepancy between this finding and  the presen t  s tudy  
might  be explained by  a n u m b e r  of factors. The s tudy by Godges et al used  
subjects  who had  limited hip flexor flexibility; tha t  is, they were not  able to 
reach  a position of full hip extension in the Thomas  test. It is possible tha t  a 
s tretching routine is more effective for individuals with "tight" musc les  or 
relatively poor flexibility. The subjects  in the present  s tudy  had  hip flexibility 
comparable  to other heal thy sports  people 25. Secondly, in the present  study, 
the s t retching routine lasted 4.5 minu tes  with the s t re tches  shared  between the 
hip flexor and quadr iceps  musc le  groups.  The subjects  in the s tudy  by  Godges 
et al s t re tched the hip flexors for a total of six minutes .  

Another  explanat ion for the lack of significant gain in hip and  knee flexibility 
emana t ing  from the w a r m - u p s  in the presen t  s tudy  may  reside in the na ture  of 
the Thomas  test. In this study, we ins t ructed each subject  to relax the musc les  
and allow the tested limb to hang  freely, as done by  others 25,26. This procedure  
relies on the weight of the leg to provide the s t retching force, which is different 
to mos t  tes ts  of flexibility tha t  allow an  external  force to move the limb to the 
end of the range of motion. It is easy to demons t ra te  with this Thomas  tes t  
procedure  tha t  additional force applied to the thigh will move the leg to a 
greater  ROM. Therefore, we suggest  tha t  the Thomas  test  as conducted in the 
present  s tudy  should be quest ioned as a valid measu re  of the m a x i m u m  ROM 
achievable (flexibility). It is possible tha t  a different tes t  of hip flexor and  
quadr iceps  flexibility would have been  more  sensitive to the w a r m - u p s  used  in 
this study. 

Based on the above discussion,  it cannot  be  discounted tha t  the w a r m - u p s  
achieved some acute  increase in m a x i m u m  ROM at the hip and knee joints  tha t  
was  not  detected. The quest ion of interest  is whether  or not the w a r m - u p s  
differed in their  influence on ROM and final foot speed in kicking. The resul ts  
indicated no significant differences between the w a r m - u p  conditions on any  of 
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these  variables  (Table 2), suggest ing tha t  s t retching had  no influence on 
kicking kinematics .  Even if there  were differences between the w a r m - u p s  in 
flexibility not  detected by  the Thom as  test, the resul ts  indicate tha t  such  
possible differences would have had  no effect on the ROM of the swinging leg 
and  foot speed in kicking. If a w a r m - u p  is able to induce an  acute  increase  in 
ROM based  on a static test  of flexibility, it is possible tha t  this may  not  
automat ical ly  t ransfer  to an  altered ROM in a complex mul t i - segment  dynamic  
activity such  as kicking. It is likely that,  in a well-learned kicking skill, the 
movemen t  pa t t e rn  is res is tan t  to any  possible changes  to the stiffness of the 
musc le  or connective t issues.  In the presen t  study, m a x i m u m  hip extension 
reached 13.7 ° after the s t re tch w a r m - u p  based  on the Thomas  test, whereas  
the corresponding value dur ing the kick was  only 8 ° (Tables 1 & 2). This 
indicates tha t  the kicking leg was  not  t aken  to the end of its ROM at  the end 
of the back  swing. Therefore, s t re tching and  w a r m - u p  in general  m a y  be 
expected to have limited impac t  on the m a x i m u m  hip extension and  knee  
flexion achieved during the kick. 

Previous research  has  demons t ra ted  tha t  static s t retching for abou t  1.5-4 
minu tes  can  inhibit  musc le  power per formance  11,i3,27. The present  s tudy  did 
not  use  any  tes ts  of hip flexor and quadr iceps  power and  therefore does not  
provide any  insight  into whether  or not  the w a r m - u p  including static s t re tching 
had  any  detr imental  effect on explosive force production.  It could be speculated 
tha t  such  a decrement  in power might  be reflected in a reduct ion in foot speed 
since the hip flexors and  quadr iceps  have been shown to be highly active in 
kicking 28. However, the foot speed at  impact  with the ball is a function of 
complex n e u r o m u s c u l a r  pa t t e rn s  f rom m a n y  other  musc les  28. Fur the r  
research  should a t t empt  to isolate the musc le  per formance  of the s t re tched 
musc le  groups.  

Conclusion 
The presen t  s tudy  showed tha t  a w a r m - u p  containing running  and practice 
kicks with or wi thout  the inclusion of static s t re tching produced no change in 
flexibility of the hip flexors and quadriceps,  as measu red  by  a modified Thomas  
test. It is concluded tha t  the Thom as  tes t  used  in this s tudy  m a y  be insensitive 
to potential  acute  changes  in flexibility and  has  limited value in monitor ing the 
m a x i m u m  ROM capabil i ty of an  individual. The inclusion of static s t re tching in 
a w a r m - u p  had  no influence on the ROM of the swinging leg during kicking or 
the foot speed at  impac t  with the ball. It was  concluded tha t  rely shor t - t e rm 
changes  in flexibility m a y  not  be reflected in the k inemat ics  of kicking because  
of the complexity and  multi-factorial  na tu re  of this skill. 
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